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ABSTRACT

Eye movements determine the location and velocity of the retinal

Image. Thus, to understand how we see it is necessary to understand

both how eye movements are controlled and how they affect visual

information processing. The proposed research is concerned with

both problems. Specifically:

(1) The effect of expectations on smooth eye movements. The

eye moves smoothly In the direction of expected future target

motion. Experiments will determine: (I) how expectations and

guesses about the direction of future motion are formulated and

(2) the relative contributions of expectations and retinal image

motion to smooth eye movements.

(2) The effect of saccades and saccade-like stimulus perturb-

ations on visual information processing. Saccades continually dis-

place the retinal image, yet- we see the world as a single coherent

picture. Experiments will find out whether the visual system

selectively tolerates rapid lateral displacements, or whether the

decision to move the eye is required.

(3) Programming sequences of saccades. Experiments will show

whether sequences of saccades can be pre-programmed, and whether

use of such sequences improvesperformance of visual tasks.
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3. Reeach in propess.

Smoth pursuit of small sml itud sinusoidal motions. Subjects used

smooth eve owments to track small mimplitudet (3.75' to 60' p-P) sinusoidal

motions of frequencies @.W to 5.@ If. Smoth pursuit was evident

(i .e., nomw ee spee du~ring smooth pursuit wasM greater thminsman e&e speed

during slow control) at all stimulus frequencies and at all stimualus

aml itudes except the smallest. moth pursuit gain (msan e&e speedmi

st imulus speed) decreased as terget frequency increased and as target amplitude

increased (see riguire 1).

TMa surprising character ist ics of smooth pursuit were obserwd:

(1) The depndence of smooth pursuit gain on target ampl itude



could be eliminated bw subtracti ng a constinit which varied sma function

Of target frequsnc, from mean OW speed beowse comput ing gain.

SecifisalIV, letting GCfa&) dprnt this re-computed gaint

6' (~a)* Cf,a) - K~f)

T~f a)

owae C(f,a) to man OW @Peed for a given trequencej Cf) mnd ampi tude (a).

T(fa) is man stimulus speed for a giw~n frequency and amplitude and

K(f) am the constant wh~ich, for each freqwency,

minimized the differences in G'(ffea) for the four stimulus amlitudes (60', 30,

150, and 7.5') at wh~ich smooth pursuit was observed- rigure 2 shows

6'(fa) as a function of stimulus frequency.

Our results suggest that smooth e@e movements mre determined by

two sePate mnd independen t processes, one whiich contributes a constant eve

speed mid the other which rmepo --A I inearIV to stimulus speed. Our results

also suggest that the process contributing the constant wsy be the slow

contro sshsgstem. This suggest ion io based on the fact that the average,

value of K(f) am about the sam as the average speed of slow control

(i.e., smooth @We speed when the stimulus wrns stationarj).

The aveage value of K~f) for subject PB was 1389 (S.D4., ") and

his average slow control speed wau 17.0 minarc/'sec (S.D.s13.U, W.2742).

The average value of KMf for subject DC use 22.4 CS.D.eG.3, "9) mid

her avrage slow control speed was 23.2 minwrcfece (S.D.=19.7. N.23M).

Thus, slow control and smooth pursuit nmV be separate oculomotor subussm

a pose ibilIitV whiich has been considered eve.- since Machmis (1961) suggested

that slow control mu actual 1V smooth pursuit of a zero velocitV target.

(2) Pwonounced estemstic drifts moe supe.rimposed on the oscillations



f the eW. Thes drifts occurred at all but the highest frequencies end

016 st oplitudes. aDift direction me IdoaWnratic end was net consistent

with the subject's sUsteIatic drift direction In the dark. Thus, aintivation

of the slow control subsetm did not prode the sustemiatic drifts.

The drifts Created lge positien errors (up to 2 deg) but position

error did not abolish the scillations. These results show that sth ee

uswmnts do not corect position errors. Instead, they create position

errors while continuang to reduce retinal slip. (90e figre 3).

These results will be presented at the ctober meting of the Optical

Societg.

adIng reed text. Subject* read text whih was trns fo In

a vwietg of ~eIs in an atteipt to determine the reletlve contributions

of oculmowtor habits end visual recognition to visual Informstaon processing.

Reading is a useful task to studW bec use both oculomotor habits and the visual

recognition of wo end lette are mlP-len * evious research has

suggested that aculoOtor hbits plqj en Ioortwnt role in reading based on

f indings that reading text from left to right i faster then readIng text

from right to left (Koler, 1IU).

I used text in which letters wre either oriented normllV or were

rotated about the x, V or z axis. In addition, the order of letters and

wrds mere either norml or chenged in one of the following w s: (1) the

order of letters in a line were reversed (e.g., "Hello there" become

ereht olleW), thus requiring subjects to read from right to left;

(2) the order of words in a line was reversed hile the order of letters

in a word unchenged ("there Hello'), again rquitring subjects to read

frm right to left; and (3) the order of letters in a word was reee

-A
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Ohlile the o-der of uamd in. aIine, uan unchanged Co I Ie erehto), requir Ing

subjects to read from left to right.

06 used short possage (less thn characters) taken from S tence

lhich mre read under the instruction to a o 8hed wcwatelm the entire

passage. A multiple choice question us asked after each pasage and

the subject," scores 90 correct) cent lewd that their tI lowed the

instructions. The dependent vriable was reading tim.

floding time n ot affected by the direction of ecan of a line

(left to right or right to left). bading tim e also not affected

bg word ado in that reading timws the em whether the order of letters

In a word was the eam as or oppoSite to the order of ar in a line (see Table

1). wleding tim ws affected b the appearance of letters in a w rd produced

by changing the orientation of letters or b chng ing the order of letters

in a word. Thes results suggest that reading time to limited b visual
prcesses Involving the rapid recognition of letters and words and not b

oculamotor habits. Similar eepe iments, to detemine the role of visual and

oculemator habits in other tasks, such as search, are being plwnned.

Oh abstract deoibing the present results uas submitted to the Peughonomic

metIng.

Effect of stationarg and moving backgrounds on smooth eye mAtments.

ftrph et &l. (19M) found that subjects can maintain the line of

sight on a stationar y point in the presence of a wving backgrond

(a high contrast squareuwo grating mving within a 4 deg diameter region).

'This re lIt demntrated the capacity to select the Input stinulus for

slow control. The following experiment, performed in H. Callewljn°s

laboratory extends K*1 r et &l.'s findings kg showing that the ability

f ',I.
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to select the input stimulus for smooth eye movements applies: (1) to the smooth

pursuit of moving targets, (2) idhen

the selected target and the background are superimposed within a le" visual

field, and (3) shen the selected target to faint id the background vivid.

The stimulus consisted of two overlapping fields (76 des by UT dog)

of randm dots (small reotaigles, 7.1 by 9.5' with I.9 dote/square degree).

One field of dote remained

stationar and the other moved to the left at 1.17 dog/sec. Subjects were

instructed to either maintain the line of sight on the stationary field

or to use smooth eye movements to pursue the moving field. Their perform ace

was perfect. Ap velocit y when the line of sight was maintained oan the

stationea field was uneffected by the presence of the moving field. Simi larly,

ee velocity den the moving field was tracked was unaffected by

the presenc of the stationary field. The saw results mere obtained

%ien the density of the raidom dote a increased (0.0 dote/square degree)

and den the Intensity of either of the fields was reduced b

a factor of 5. These results are suiarized in Table 2.

Thes results demontrate that -the capacity to select the input to smooth

eie movements applies even under difficult conditions, namely, dhen

attention to a selected region of space is not sufficient to guarantee

the input, and dhen the selected field was faint relative to the other field.

This capacity is useful because it ensures that selected targets cin be

maintained on the fovea regardless of the presence of other targets in

the field. These results also raise a new question because sometimes

influence of stationary backgrounds on smooth pursuit of

moving targets does occur (Colleowijn, personal commnication), i.e., sometimes

subjects do not perform at capacity levels. It t possible that failure to



pwrfor at capecity levels occurs because subjects do not app Iv sufficient

attention to the selected target. Future experiments are being planned to

*NMIne this possibility by asking subjects to fixate stat lonera or moving

W eshgile saltanecusly making psychophysical judgments about other

tMret -In the fifold. A manuscript describing the present results to in

repr atiton.

figure Legends.

Figure 1. bmooth pursuit gain Cowen weasc e@e speed~mean 5-mec target
speed) as a function of stimulus frequency for subjects R5 (left) and
DC (right)

Eigure 2. Adjust"d smoth pursuit gain (mean 5-wsec eye speed - K / man
S-c targe speed) as a function of stimualus frequency for subjects, PS

Cleft) and WC(right). K-the ostent that minimized the differences nm
gains at each stimulus frequency.

Figure 3. Oban 5-maec eye vlocity s a function of stimulus frequency
for subjects R5 (l*#t) and OC (right).
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Table 1. Mean reading times (eec/letter) for passages read from
left to right (L-)R) and right to left (R-)L) and for passages in
which the order of letters in w ord was the SC as and OPPSITE to the

oe of word in line.

Subject LL Subject EK

roan Mean N

L-)R 0.35 (8.17) 48 8.42 (0.25) 48
S--X. .32 (8.12) 48 8.42 (8.28) 48

S 9.32 (9.13) 4 9.42 (9.27) 40
OPPOSITE 8.35 (9.16) 48 0.42 (0.26) 48

Standard deviations are in parentheses. The number of passages on which
each mean is based is also shom.

- I Table 2. Mean ee velocities (ain arc/sec) in the presence of the STATionarV
field only, the MOVING field only , and BOTH fields under the instruction
to maintain the line of sight on the stationary (STAY) or to T1:O the ving
field. Results are shown separately as function of field DENSITY (LOWl or HIGH)
and luminance (IGHT or DIM).

Subject R5 LOW DENSITY HIGH DENSI Y HIGH DENSITY HIGH DESITY
NOTH RIGHT 3OTH RIGHT STAT DIM MOVIN DIM

Mean N Mean N Mean N Mean N

STAT:STAY 0.C 1 38 6.89 18 -8.84 is 0.013 1
VOTH:ST#Y 8.812 29 -6.W2 1 8.56 1s 8.013 18

MOVING:TRO( 1.216 29 1.200 1 1.272 18 1.291 1
3OTH: :1R 1.241 29 1.239 1 1.269 1 1.197 is

Subject HC

STAT: STAY -0.851 48 -0.964 2 -4.638 28 -0.945 28
lOTH:STAY -0.024 48 -0.853 29 -e.878 29 -0.879 2

MOVNG:TIMEX 1.198 48 1.196 as 1.288 20 1.157 28
3OTH:T O( 1.173 48 1.198 as 1.179 20 1.142 29

Megatiw means Indicate rightward velocities. The number of trials (") on which
each mean is based is also showm.
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